[NEt4][Lu{Pt(SAc)4}2] (1Lu): KSAc (165 mg, 1.44 mmol) and K2[PtCl4] (150 mg, 0.361 mmol) were dissolved in water (3.0 ml), and the resulting reddish solution was heated over a moderate Bunsen burner flame for 30-40 s resulting in a color change to light yellow. The solution was subsequently cooled until lukewarm, filtered, and added solid LuCl3·6H2O (70 mg, 0.18 mmol), causing the formation of a significant amount of precipitate. Addition of a solution of [NEt4]Cl·xH2O (700 mg, 4.22 mmol for x = 0) in water (1.0 ml) to the reaction mixture caused most of the precipitate to redissolve. The slightly turbid yellow solution was filtered, and heated to a boil over a moderate Bunsen burner flame which resulted in the crystallization of golden-yellow square-shaped crystals. The reaction mixture was left at 5 °C overnight for completion of the crystallization. The crystals were isolated be filtration, washed with water (2 × 20 ml), acetone (20 ml), and dried in air. As evidenced by Powder X-ray Diffraction (PXRD) the sample is contaminated by a small amount of an unknown crystalline impurity. The yield is 10-20 % based on the amount of lutetium chloride used. Anal. calcd. (found) for C24H44LuNO8Pt2S8 (1Lu) together in water (Gd, 10 ml; Tb, 7.0 ml; Dy, 6.0 ml; Ho; 6.0 ml; Er, 6.0 ml, Y; 6.0 ml). Heating the solution over a moderate Bunsen burner flame for 30-40 s resulted in a color change to light yellow. The resulting solution was allowed to cool until lukewarm, filtered, and added solid LnCl3·xH2O (0.18 mmol). When the chloride had dissolved, [N n Pr4]Br (1.13 g, 4.24 mmol) dissolved in water (Gd, 3.0 ml; Tb, 3.0 ml; Dy, 2.5 ml; Ho, 2.0 ml; Er, 0 ml (the solid bromide salt was added); Y, 2.0 ml) was added to the reaction mixture.
Heating the solution to a boil over a moderate Bunsen burner flame resulted in the precipitation of a yellow to orange powder. After standing at 5 °C overnight, the product was isolated by filtration. The powder was washed with Et2O (20 ml) and air-dried. Yields are 40-80 % based on the amount of employed lanthanide chloride. The compounds can be crystallized by slow evaporation of a filtered solution of the powders in acetone (10 mg/ml (316 mg, 1.07 mmol) in water (6 ml) was added slowly, dropwise, ensuring complete conversion between each successive addition.
To the resulting solution was added YCl3·6H2O (164 mg, 0.541 mmol) dissolved in water (1.5 ml). The reaction mixture was filtered and added, with stirring, a solution of [NEt4]Cl·xH2O (1.60 g, 9.66 mmol for x = 0) dissolved in water (2.5 ml). 
X-Ray diffraction
Single-crystal X-ray diffraction data were collected on a Bruker D8 VENTURE diffractometer equipped with Mo Kα high brilliance
IμS radiation (λ = 0.71073 Å), a multilayer X-ray mirror a PHOTON 100 CMOS detector, and an Oxford Cryosystems low temperature device. Crystals were mounted on loops made of Kapton. If deemed necessary, crystals were covered in mineral oil prior to mounting. The diffractometer was controlled using the SAINT program 1 as implemented in the APEX2 software package. Intensity data were corrected for absorption using the multi-scan method implemented in SADABS. 2 The structures were solved using Olex2 3 by means of the olex2.structure solution program 3 using a quasi-E charge flipping algorithm and refined with the olex2.refine refinement package 4 using Gauss-Newton minimization. All non-hydrogen atoms were refined anisotropically and all hydrogens but those of the tetraethylammonium ions of 1Ln and 1Ln were placed at calculated positions and refined with isotropic displacement parameters using a riding model. For all 1Ln and 1Ln structures, the hydrogen atoms of the tetraethylammonium cation were impossible to place at calculated positions as a result of the disorder induced by the location of the nitrogen atom on a special position with fractional coordinates (0,0,½) and site symmetry 4/m… The methylene carbon hydrogen atoms were localized in the Fourier map as a single Qpeak. This position corresponds to the average position of two half-occupied hydrogen atoms bound to neighbouring disordered methylene groups. Three Q-peaks could be located close to the methyl group carbon atom. These were assigned to hydrogen atoms, and the C-H bond distance restrained to 0.96(2) Å using the DFIX command, resulting in a total of three restraints. The occupancies were given values that resulted in approximately equal isotropic displacement parameters and a sum of 1.5, in order to arrive at three hydrogen atoms per methyl group. Two of the hydrogen atoms reside on special positions with site symmetry m.., while the third occupies a general position. This results in four positions for the hydrogen atoms belonging to the methyl group. The limited physical meaningfulness of this reflects the ill-defined positions of the three atoms resulting from the symmetry-induced disorder of the cation. a 50:50 occupancy ratio. The fragments have separate positions of the oxygen and sulphur atoms, but share the -CCH3 moiety. As a result of this disorder, the site symmetry is arguably lower (C4) than that otherwise inferred from the crystallographic analysis (D4). Consequently, the appropriate description of the magnetic/electronic properties assumes a single lanthanide site of C4 symmetry. For 2Ln and 2Ln, the room temperature structure determinations indicate the introduction of a very slight disorder in the thioacetate similar to that observed for the 1Ln and 1Ln structures. The disorder is however too small to be reliably refined, indicating that it is of a dynamic nature. Powder X-ray diffraction data were collected at room temperature on a Bruker D8 ADVANCE powder diffractometer operating in a 2θ-θ configuration using Cu Kα radiation (λ = 1.5418 Å). The samples were ground in an agate mortar, and adhered onto a quadratic piece of double sided Kapton tape fastened on a poly(methyl methacrylate) sample holder. This particular sample holder gives rise to a slight curvature in the low-angle background. The simulated powder patterns were calculated from the relevant .cif files using the Mercury 3.7 software 5 including Kα1 as well as Kα2. The inherently plate-shaped nature of the crystals results in pronounced orientation effects in the experimental powder patterns, despite the samples being thoroughly ground prior to the diffraction experiments. These effects are most dominant in the powder patterns for the 1Ln and 1Ln salts, where the (0 0 l) reflections with l = 2n have remarkably increased intensities. This is especially true for the (0 0 4) Bragg peak which occasionally appears equally or even more intense than the (1 0 0) peak, which is otherwise the most intense in the case of perfect powder averaging. Figure S1 . Room temperature PXRD patterns of 1Ln (Ln = La -Nd, Sm) compared to the pattern of 1Gd simulated from the room temperature structure. In the latter powder pattern, the indices of the peaks relevant for the discussion of orientation effects are given. 
Discussion of the unit cell parameters for 1Ln
The unit cell parameters at T = 122(1) K for the 1Ln compounds obtained from single crystal X-ray diffraction experiments are summarized in Fig. 4 . The length of the a-axis (and consequently also the b-axis) decreases from 8.6867(4) Å for the 1La to 8.5697(3) Å for 1Lu, in accordance with the expected trend resulting from the lanthanide contraction. Surprisingly, the opposite trend is found for the length of the c-axis of the unit cell; this length slightly increases across the f-block. The unexpected result can be understood by examining the trend in θ (Fig. 3) . As the ionic radii of the lanthanide ions decrease, the shortest distance between oxygen atoms belonging to different metalloligands would be expected to do so as well. However, a decrease in θ circumvents this electrostatically unfavourable scenario. Indeed, the shortest inter-metalloligand oxygen-oxygen distance is roughly independent of the lanthanide (1La: O1-O1 = 2.644(15) Å, O1a-O1a = 2.343(15) Å, 1Lu: O1-O1 = 2.606(10) Å, O1a-O1a = 2.387(10) Å). Upon the decrease in axial compression, the intramolecular Pt···Pt distance increases from 7.3246(10) Å in 1La to 7.4338(5) Å in 1Lu. In this light, the slight expansion along the c-axis, can counterintuitively be taken as a result of the lanthanide contraction. The contractions along the a-and b-axes are greater than the expansion along the c-axis (1.4 % vs. 0.9 %), and consequently the expected decrease in unit cell volume upon traversing the f-block is observed. Figure S8 . Room temperature PXRD patterns of 1Gd and 1Y along with those simulated based on the room temperature structures (left), and the PXRD patterns of 2Gd and 2Y along with the simulated pattern of 2Gd based on the room temperature structure (right).
Magnetic measurements
Magnetic measurements were carried out on a Quantum Design MPMS-XL SQUID magnetometer equipped with a 5 T dc magnet. The dc susceptibility measurements were conducted in an applied field of B = 100 mT. For all measurements, the crystalline samples were ground into fine powders using an agate mortar. Between 20 and 30 mg of powder was loaded into a polycarbonate capsule, gently compressed by hand using the end of a small glass rod, and covered in hexadecane to avoid field-induced orientation of the crystallites. Due to the melting point of hexadecane (mp = 291 K), the samples were always inserted in the magnetometer at T = 10 K in zero applied dc field, and the sample was never heated above 280 K. The data work-up was carried out using the MagProp utility of the Data Analysis and Visualization Environment program package DAVE. 6 All data were corrected for diamagnetism of the sample by means of Pascal's constants, 7 and of the polycarbonate capsule and hexadecane (χ = -5·10 -7 cm 3 g -1 ). The magnetic susceptibility was calculated as χ = M/B. As a result of imperfect mount of a small crystal on an imperfect support there is some uncertainty in the precise dispositioning of the crystal in the cavity. Therefore, we initially allowed all parameters Pk q to be free parameters in the minimization of eq. S1. As expected, this resulted in some parameters having estimated standard deviations much larger than their value. These were subsequently omitted in the treatment. The magnitude of the inherent uncertainty in the crystal position was checked by using the estimated P'2 q parameters as follows. 2 . In all cases the β,γ values indicated a misagreement of at most 3 degrees between the intended and the actual rotation axis.
The software for the fittings was developed in house and has previously been described. 8 In order to translate the determined Pk q parameters into Bk q parameters, corresponding to the typical Stevens operator definitions, the following conversion was applied 
with S = 7/2.
